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1. iSTaODUOTIOK 



1«1 of tix* j?ro'Qleie. 

Th» tt««d for ijiorwesed ;^w«r out^.ut a.ad isprovod fuel aooiioBy- ti't 
ttieraal 4«t» h«e led to th* use of higher preecurt r«.tios «uci turbine 
inlet teapereturesj ndth congequeat multiplicttion of the proble^ic c-f 
co»pr«88or end turbine detigr. and reduced reliability rua endurance. 
Atteapts to aialaiz# or eliainnt* these problcBiE b> use of pvU.aojet«. 
and TAMjets have not »et with narked puccess for ■well kno«rn rea»om . 

Detoufetive coabuetion offers an attractive gulutien to the prooxSiis 
involved in producing high preseure ratios end toieiatiiig high teu^,.«r- 
eturee. Itetofietive conbustion my o© eoaeisiered to be e proceed tji which 
eoabustion tekep. plnco witaln the high prcnsure crue of e co-jj-reseicri 
saockj in coaesquene*, ao nechuuioixi coapreejior nor turbine are required, 
end e.» will be eixovn leter, velves ere elto tianeceseei^ . 

It is the pui'p®** o-f this paper to detcrioe e tkei’saei jet oased 
on interaittent detoaative coabti^tion tlready developed} to fttei^pt rn 
enelysie of the procesb involved} end to rep«.-rt the result# of expsr- 
i«ents conducted by the author lu corinection therewith. 

1»2 Hietorlcel Beckgrovmd. 

The phenoaenoxx of detonetion me digcorored in 1831 by nerthelot 
and Vleille #a well es by M#.llevd and be Oh&teiiar, who aeoe uot<.ii«d 
studies of the subject. Sieaj'^ subsequent investlgstlcr.* mi$ ***,ds by 
biaLoa end hie sfeuaents. The theoretical ej-^^lsnstiou of uetoaition was 
a«d« by Chapfflan end Jo'oguet, foiiowir»i?; BecK.«r‘s finslysis of tiia C£-o- 
pression shoca.. Tha pre-dstonation pex'iou received ,-?’.‘bicuJcr atxcntion 
frojB bokoiik end Ehtcfeoiikia, while L-.sng?.cller «j.,,i'sssea the rel-- tiou 
between detonation pressure end teepviuture end the ^^r®t.rure ^aa 
eraUvre ettclned by coajbustlon rfe constent vciu.’te„ kecenljy, ♦ u*el{ile. 
analysis has been made by Uispiro, dawthorne, eau Ea®i>fti (ivfereiio# 1 . 
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1^ gt‘., .• ?#»1 MT 

mLtr- «<«t£sr wi— rt^ t«^M It 9mt mi u ml %•$ Mtl 

«Ai I> uAlti^i.jitjm imu^*^sn-2 mjIm ^^AZuijfm^Dmi tmlMl 
*bM ^iu»utUfk m.tntm Ur\ m% Mwttn^nd 

V MM-i 0> -t« tt 9^yfi»t0fK 

ammd «Atv ^<«a t?«4 W»Om tau 

• M# ^ 4U nt»\u> uMiltOms^ fff£rt«C«fC 

ttbltvr^tar* ^ lo %t«i v^4t «r»ili i*t cctMir tit, ttoUf i»i4|«jM!i#wt 
«ai IttJUutff*x 4a oi littet 

• 0«X« 4t*fM .Tmti^l m i^l4« tt tet 

* ▼ 

'il 4 u| t%»«| 4,Xi>>t «> »a| /i 

•'xmm IJ mi .'m hi ^ iM V> tit^LM* 

•oumiA^ai xk4iv4JIi .«i 

4c: iBinp fbi itH ai n.jir Id cp^n»^>tiMl? 

^:iA.*D* mm DiB M 4«« *^i«i %« ;J«« *4 DXXJtar i«« 

•^4• %»«4 4dT«J^ "t «*cD TM •4/>r#* 

g«A4«4M«*> V ■■ADfDiiai Implifw*^,*^ t 4 * *i» to» 

-«Di BCg ^ t^'^IKUtC ^vniA*^ %mi 4ig»D4i» ^ 4:0» 

ayu^i*/ftg^i^^CK|iV'*t i~** » 1 1 

««rr<4ai m* 5 a«p» ^ i| aXfitt ,«|U4Jl*fmltb' ^ 4i IrtDOt «0*C 

*>w*4>-a^ •!• •aa#3«^4A4 iM* WiaiT^ »44'a^M«a'<T, m‘>-'^« 

■ jJI^>m4 4 . 4 CMDHK .^^«». 4*4t4«;a J* (scNWiMV 



4 foilj Vjg o«aI«4« 



8»££mtA, of Uie £«ut*cSia i^oreC4:i.ai;2s«n« lct.lt fur L«g«lfl^J^g 
(CtarMOi Qlldiag Ecswcrch StCLtion) Isas beeu coac;tm»u cince th« Cj.-ring 
of wltji tbi« probleid of aovoloping & tb«r»&l Jet op«ratljig on the 
prinsiplc of Istftriaittont d»toi\£tifc cc£,0U..tion, «nxt in & report dated 
Hoveaber 10^ aescribcd tetts of c bUo&ecfcjCui <i«vict: (reference l-i). 



2. THi. ilOmii:'* 



2.1 Cegcrlptlon. 

Figs i »how6 a aiagraanatic sik-sten of tds inteixiittent uetoas-tivo 
eoisbufction &pparetu« developad by doffaiaxi (Fig. 2-i, rafos'oute 2). 
ABfteatlitlly, eppariituis consifcts of a eirisigut cyliiidricel t\ibe 
*ioa»d at one eud anti provided »Ith e «p&rk-ylug or otker mocns» of 
provl&iiig continuoua ignition at tn« other, to which attacnod a 
coaioal oiffuBOr. Fuel and oxidiswr ure atoitted iai'ougn te.^atvite 
lines at -tha cloaed. end of ta« co.^abuetljn cha-sder Isi buen a i4Baner s» 
to provide good aiiing aius tsirbuience. 

Ihe diiseneiona of tne parlieuiar teet ai j,aratu« to whiai rsfsrei.ce 
«iil be {Bade are as fuixems] 



Length of oonbuation ouarber 4d. 0 us< 

Plxueter of co.-rtbustion £.S ce. 

Length of diffosxr. ZOQ.O oe. 
Bifitieor haxf^ai^le of divergence 4.0 deg. 



Z,Z Operation. 

The devie® described above v>,erate!c on an lataraitt^iiit 
follows. The ooebustlbl© mLa.ture flowe tow.»i'di the o^os. enw it 

is ignitea et the epark-,,lug. Tne fls.!;;® front tv&vslc bt-ch -i.it tu© 
closed arjd, psesisg froa ordijviry co.aeut,tiori into ustoutti n., ta« 
datoaetioft wave Goatiaues on to ta® be.ffi.e ft. cio'C'i O'lQ ^acr^ it* 
reflection i-ap&rts a high la;«iiBe to tns b«ffie. Tn« pr<..'i»urn 
foXlowiag tae dstoaetloa wrve in^jose* a te*»-orti7 nMatrivtico oa tho flo- 
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iiA#i 



,HpartUft#!»l .«% Miifc im$ ¥tiw»^, *1 

•w* ^ % *V J I ^ t 

,.« >AAj c«Ln«i4':;i\ v imAaMMt uB 

^ icU iSkA lP^2X3i 



^ «Mt • I ^ «t| ^ \% 

•flO • » f « • V • • * ^ 

4«V I •••At •! 4 a t A»r# f Alii— » %U> MM*i 

«HA^ «A* «• I *••.• > « *A AiW •• H i | i* ^ l^t* 






4j 44 i~t i4A4P>Ml^ ««• 

*• *#^si- T' • «:»_-^ »»;i V ►»*- \ Mil n » ■ aUUJ 

4‘»‘^ <• * ^i4kl- WlX A*^ “-^ *%4 •AP' Ia fw4A4A4* 

’ ■» 

^ i^i i ; a 4iWP* 4fw, 4f4»».^J4P^Wv r *-1414.^^1 A^*4AA ,401 40r^i«i 

■ '^0 - - » 

«»( 4*»A« ifM >n^u‘.9 4^ £• •ttl#t «M4 M » AIN'A. *>»» •€<'. I MAilAKM>4 
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of fr«sh fu»X eitd oxidizer, •xtiluguisJalng the fl^ue. After the ^reeeure 
fail* fresh mixture agein eutere the conbueti^n chzober 6X>i the cycle 
Is repeated. 



2.S BsexiLts. 

Using the eypera tus asvve, Koffixan ran z. series of tests to deter- 
mine perfoiTBance (Table 6, inference 2). The best reaultt obtained 
are tabulated as foU.ot>r£s 

Oxygen flow rate. 13.2 g7>./sec. 

Gasoline flow rats 3.0 g»'>./cec. 

Total flow rete.... l?.l g^-./sec. 

Percent theoretical fuel................. % 

Thrust.. ................................. '■ gu. 

..specif io thrust .......................... ds^l .0 sec. 

ti^ecif io f uai coauur.}./tion 1 .«'/ hr , 

Theoretical tixx'xxot. sec. 

£.4 Jllecusalon, 

Tas foregoing rsEixuts present three .iteag of ^trttcui*.r interest. 
First, etteutioa is ijivited to the relatively high value of Si-ecific 
ttirust obtained* Tule value is of the order of the specific thrust 
obtfeineble ia rocicots, but it should be reaeaborec thtt ixx tni* asvice 
the combustible mixture is ;^idultted unaer only such pressure as is nec- 
eisary to insure the rate of flow detdreci, fesicunfciiag in .no case fee mere 
than a few pounds etoove at»o&i.lieri«, whereas in t> roexet the aixtur® auet 
be admitted at combustion chcaner pressux'e, e.<.o\aitihg to e^v-ersA atro- 
sphsres of pregs'ure. 

The second point of Interest is the value of f>-‘el con- 

suaptioa. This is rather high, but follows fro* the fact tar.t o;-ygen 
rather tnc.u air is tna oxidixer, with the ccnKequer.ee t.nt Lie 
accelerated tier r>ouatt .>f fuel burnaa ie reuuceu. AlUiough tne Cotonation 
velocity of air-fuel fflixturcs is lower tni»n th* t of ooy geu-fuel w'o.tuj'es 
(reference 5), the net effect of using air ir.steiu of oxygen, .jreviafa 
Uie mixture can be caused to detonate, tnould serve to ia,;rov« specific 
fuel ©onsuuiption. 



^ tnrntnta» ^ iMQ j^mtk \^ 

•u/f^ ^ jam ««^.«ua wif^xaa ^ijma» siap» MM«i« «m3i. «iMUl 
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* , I ^ 

' I 

« *ai ‘ ,adUmM 4^ 

' « T< 

tiam M tatvm « iiK t^j»4 igy jouc 

£T 

Jm ilhtst n4c Alt iini^ i>» «fciiWr| I i Mlii 

K* ma^iMuu 

» f •• • «• ^ • f !•• • « 4 i» 

^ • • • • • ^ ir« • ^ ^ r *J *• I 

AjAt^ ^^JOl 

t *ilU «.!««! a. • O • *« 

^1 dlH^V «r^ #••%»§• • ««»^t •••if>tf«i0 

«|^ • M • M»« -• f «• ^/l£or,ai^ 

.-»ff >t»J tr •• I**' 

.>•■ k.t^ ..irtkAViJ 



.tfUaMriTfv? Um 

- y^iiiMui 2^ w««t ap^atJ ^*A0|Bav) miA 

<oJ/> (%% iai«« .C %tii JW iiH a^fUX 

a%^.K0 jo-^ufy^ mt ^4^ 7a ■^i ^5^«% >.*# 0 y* *<%>>l 

•»lt^ 1C4# «x ••ai^ ¥B «■ 1-(«vi0k #f 6*^ ■! 

-aOMi ti ^ rt**«ai0, a OH V*^ «9M ^ 0’ MM 

VfUa (‘i Matf aAi «4 ^*aaeu^^« ^ M# mm T'm hi 

fa* MMwJ W Ammmi m a# af f owa «tf■r.^ 

•• ikitm^M, «r^.vi‘. rmM^ m aat ^f im^ *9 Mu.hma pi 

U^mmi^a W •«M>4iS^i 

'jLfcjo, ivi* V* Mia/ «* ^ tmamthi U< i^tltp^ *••*• «arx 

«%%%«•• Miia^i : .MT M *>^•il A<M 

- ^ «^4 4 >..4 u.. * M* t#a tAAMM Ml «a IM^ 

/<m,;V'>^ 4Q;0I ^iMKi >*i aMMi «i •»*•*•* 4M%-«is In 

uMtiMa aM pJ*X&#*lka ®om eat MuaMill^T^ 
st'tVA*.* w MMtM auM fMbi Mf M * Mi apMM. m .«»» *M«i4^«a? 



Ta« fiaei ^oiat of iatsrsst ie » co. 2 ;arisca of ttiruBt *lta 

taeor«ii42&l spscific taru&t on bh« <3::th.ali<y w^f cosoustlon cf ti^e 

fa*l used. It will ba noted test e>Li3«ria«ntel a^tcific tSir>i6t i* 
reelftbljr hignsr than the theoretical is&oilisixs! Thla raault is t ccn£.equ«nce 
of the fact tnai tne apt.'«.ratae> operates on cn intcncittent cycle ^ to that 
a new Kaas of air outers the dlffusor and is acceler£.te<i once curing each 
cycle « I'ince the process does not represent a steady-etate conaitlv^n 
initial acceleration auat be lahexi into account, and c8lcul£.tioa8 bared 
entirely on tfie ness of alxtcre Invol-vea in tns oonbiielion ^^rocesa will 
be nlBleading* 



S. AhkltSU 



$.1 Introduction « 

The anelysie of aii intermittent dstonative cosbastiwu aevice pretentp 
atny difficulties. Foresost »cong these is tne ,-robleB! of flow iri tae 
diffufcor. Iiuriag coca cycle pres-burs enu velocity in the aiffutor build 
up bo a jsasiao.! in whicti tae pressure is E«aiy ti*.e& atnoa,>h'irio cz^c. the 
Telocity aanj' ti^eg ths velocity of sound. After coloustiou is co«-> ieted 
both pressure esMl vslocity vcrup rcpicly, «no au® to insiti.- offects ths 
preesurs drope below ataccpneric, followed by back-flow t;. tae uiffutor, 
buch b&ck-flow represeuta a loss of xciscnt«na of which account must be 
teken. 

AriOtaor equally Isportaiit prooi«» ie t.n« d«t«r-ia»* tior* of the ^int 
in tae soabuttbioa proaese where aetoiiteticn »«te in, fuca tul'orui&bior. is 
aeceasarj' ia order bo dstsri..iae hour ;fuch of tae chai'ge surrsnaerc its 
chsxleax energy in ordinary coBibuetijn ciia how 2 uch in uetoruLtiva combustion, 
mile the length of the ^.'re-de ton; .tier* -ata xuu oe<ui d»t«r=.inso lor 
stfignent »ixtu.r«s (reference b), no ?Aich Geterdiriction nt* oec £'* I* * u-» 
for turbulent atxturae. 



iMPtiV U • Jt Utu\ «£? 

<l4l 1 a i<f ^ ^J.*A/Ui 'S^ >44* «A^ «MXa O w^Aipt 

■^ • 4X J^ttg GS%h*^» im4 4« iKt f« ^.4««v Taft'l 

ifjv 4i f '*^9^ Mdi iMoW Tn^WF^iMt W mm wa«x« i^Miawi 

1^# 4*^-^ A^nlnvJiiJ XU .1^ 4 a*.-ij%v 4 Mi Mi s 

•■u* tpfc ’ 4 — «4ir J£r9»i)7^.«4i W «.J« >1^ . 444% *<« i» 4 

*4My^V-«9fcJ « #I4V4M4B ^ '*• ^ fMH <r«a«|4 

4»ar >T4i^4P^«44 /n^ >jH‘4 ^ 3o% ^ 

19^^ ^IJ4*4L^># aaX a 4 4n^i4v«;J ^ •«4» i4t ii9 (Inti*^ 



Ul<^ .i .4 



•AvC4aM»At«%/<44 i«4 

ftMMn« 4Mv«k mk»%ht mn 9iU^ 'v/«iv imtiiijmaP 

4il «4 «>JLJ 4U y*Ci»^, 4i fttuA* .••».#i<4i 

^ ••»».•*• «4«v 

«M •iTjp VpJ lNiP -^1 |A->. t& HI |4L-^ xl u^'-mHI J44* %• 

4? '4«> «l ^•nt -^j 1a •»>-« ^ A44l4ir 

* $jmiU 4ImJ ^ *A* >0.4 4Wv*«»» v#c>x«T 4|4 mutmm^ 

**-* a»4iHL« 4 —I « P -4Cri> 

«| l«WA J«>» •<*4^ imW* .*<i»l4 k44*««»|f9V 

■'Ow, ■. <A^*«S.4** -Mjlf 4i ^ 4 mm V>iA » y* -H* m 

9* ^>mumi md « g4l «». HMP %tV9^» **4 M 

|b>4» * jp »■*• flir I tfjjS$ aMOS «a 4'4444«9«M 
rmi'lv^ • #4|MM4>4*^ '* > * * 4 % » ^<4— 4l^tJ|| 4 i4J ^ (»y* -444U ■ 4 

4*i rn^kmmm ■#«% . «4am^ -iir^ i» 

^ -%. ftAi) ^<1 %w a~t» <0 .Mt • ^ *• <»-%• W|3 



. »4i> JAI» ‘:'(^ 



Tao preceur*, t*aperatur«, «na d«ton&tion v«loclty at tii© 



degiaaing of detonation are aioo of intareat. Jo»»t (reference 5) 
and Lewie end von Ellee (reference 4) aUte that the soment of origin 
detonation pressures are eaaenti&Xly digder end can be to twice as 
aigd as tno pressure In the stationery ware, Moreover, sucn abnorarilly 
digd prestmres persist for fti.preciabls dictences. Ui^fortunetely, however, 
tdere appears to bo no inforr^.tion ebout the lew governing tiect-y of 
initial pressure eteedy -state preoeui’e. 

In view of the foregoing probletsa, the fuulysi® follomiug is divided 
into %'so parts. In the first part, the prohiem le treated, a:;, one of 
ete»dy fiow| anti in the eocvind j.jart certhin gross api.-roximati^^nts are laade 
in oi'uer to eilBilnato mOkms of the \uuuowas dieciiased ^^bove. In both cases 
tile ojiclysis foiio<vs Uis wetnous of t.n.viro, H&wtdome, end Edei«*.n 
(rofereace 1), end celculatlonc ere biteu on the tabiefc pi'osentea by 
these euthorh* 



la general, the tats© syatools ?»ili be cued as those useu by tac i.iro, 
Hev.inorn0, end Udelssa. Those pertinent, together with cuca runiti<yMl 
Eyibole ct necee-Bsrj’ or sinor changes, are liatta bcio*?. hiiaensions are 
in tds foot-pounu-secoad syste®. Attention is invited to td® generoa ru.1© 
that upper case i©ttera are used, wherever jr-oS'-ihl© in orcer to r®fc.©ive 
lower cose letters for purposes of identificetion. 

A«».»»«.*«cro»e-Eectlon£il crer., 

C.,...»»,.Bpsea of soiaad, 

Cp*...»,8»spaeific heat at eonstsnt pressKure. 

Cv,,,*,* 8, specific iwso.t s% conetenr, voi.ux»s. 

JD* «8««tt*88 ^tia^netor « 
thrust » 

«>»8888ft apec.if ic enthalpy « 

A . ratio of Specific hsata . 

L«t.*..».«length of duct. 

^4. . 8 . « . . . ,’irich namber 

H t . .number of mole , 

pressure . 

H-. 8 ... ft 6 4 ftga$: constant. 

X. • ft ft . ft * . .ebeolute tempe.ratar« . 
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U , «Ktr«uc* vexocit/ . 

¥««■>>.*««• etr®sj3 Tolocity « 

R»».4.,«,.ia£.cc, Eftee rete of riow, 

tlong uvict. 

^ « a • a£*&€2r a 

s of dU's^genca . 

U»* r©fere to air, &Uofvii*x'ic. 

Oc* a » a a » * .refers tv toabuetioii, cv.'nb'ustioa chcaber, 
Od*«**aa.arefi!.r» to ciffu&or. 

()«aaaaaaaaraferc to exhaiifta 

.r«fsrc to ra«i, flasta. 
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()*••*»•*• axef ere to iK©ati*Oi;.ic stagaation condition, 
fa... refer* to sevticnc 1, 2, h, 
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Sa.5 Acemptioao. 

Tae io.Lxot.Ui6 nesusptlcas are ar.oe in tae intereft of *iap..;.ifyltjg 
ta« eaaiyfii«a 

ia Xias fio* 1 g one-diKserisicfUil, 

2a C>ar.ngeb in fitTeen proycrtict. ,s.re cvntiivaoufc «»xc.ay>t in compression 
e&ocns or iji *. sietos:c«.tion. wave. 

5a Tixa gas is perfect; i.Sa, it obeys ttoyle's tnd. uhu.rief 5 » ].^ifs 
end. tbe speeific aef.ts reri».ia constcnt, {k « 1,4) 

4, ifiere ii> jio fraction a 

S« la’o heat ie ioet or geiaed e.xcspt oy cosczittlosa 

Sa Processes &r® isoutroplc iwcept Ic a ehccjt or detonr-tion wcvea 

5a4 Coatir.uo'cs Detoastire Cowbustiosi, 

Tize problsjB of intaraittsat clefeoaatiTe coabustion cm bo '••nva. 
siapllfled by- atsnmlng tbcit cetouetion sets in iaz texy igrsitsoi}, 

end tiiet ta« tiao intervei ootwoen explosions Is zero, UaCvr rutb con- 
ditioas ta« proole.a a>K,y ae analygeci &l oas of ccntlnwwus ooto.'ihtw 
cojoausttona Tftcre U Uim w bxck-f.on in tav diffucvr, tae ceviee 
is voiy rodgaly equiTeient to e reejob in wtti.cJx co»ibusticn Is. 
ia eaaz’actera 
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For usual hydrocarbon oxylosion 
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Solving tha Foregoing aqti^tion for U1 yielae t«o valuati; una cF 
thass reprassKts noraal ooabuation, ano tha otuer oatonr.ticn, an follows i 
i£L ** 0«19 (iiorKal conbustlou) 

ail sf 5«54 (Iwbonation) 

Froffl rai'erenoa 1$ aquation. (5u)y tha Follo°ring relation is obU load 
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tubstitutiag the dstciution value of iQ. in aquation ^2) yiaxCt. 
1^2 » « 24»82 
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lai eccordenca vita reference for the stetay datontticn 
SZ * 1» Following the setauds of referance 1, end by use of b'-biet eon- 
taiuad Uiaraln^ tha folloaing vtHues era obteinad; 
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FrOiB tl'ia equations for ieeatropic flew 
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11 ie of iatirwist to eoap&r* t<is xci-egoraig r»&uits »iui las taeo- 
retiwd results oa'Uia&bl* for a siOin.aioK«iric laisUa-® of oct.r^'.« 
ftir« Taa vei.ua of ootea« i& 
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From tas fwragolUig it it, tart cistiivuoue Oe-oartiv* 

SJXiwiuotioa io aots by very aiga efficiency, it- h-.x 

a a?xr^>ri&iag ©caeiusioaj ii». viA^. ef tav f*t5w ia<tt tii« effici4>.*wy cf 
corfps‘«t&i'>>a taivagb « coA^.fj'eceioa eaoc.*t fisi.ua off rinia‘-> si. '.a Ini. •?.., f.-Lig 
k«.ca a'X8iaer, a:sif*«v«r, it. tnoai-i, foa iiw% wsiuex of .•■.v ifi-o oivum; 
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8fiii a« ».*« to Sjs:.i.5 tiie fuvmgoiiig '•t.aool of p1i« i¥itc.iv.ll\en'' 
detora.tiva oousufjtiOM;, md & tio-'w •.JJ— I-.- .. -a, itft Ui<« r«e.>*d t» 

obttiaac, by Hoff-ws. 
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wr X »261 |X'->-aa* ta*'5.ftt/&our 
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Tii* secwtii ^l-Atlort ie oijviovkj,^' not it i.' vf 

lat«r«s6^ to co®!ji!&^8 tss ixrs,t soiutivj& «itfo. tho "-o, 

fael .soaeuiBiJtlaa t‘*kt )iijStx3k& obtaliisu XVr iii,& ^tur. 

Xo ta« (iQUt‘«-i^ii>0Vs of T&iUift aufr«.'u'ft uK.U tlii. cj^rreat**' i«5- 

ta*» •ij.fftreiice. i£i b%n»e«;. iXSKj^^ut ui.ero^ ».»■• oi* > 

all th« for*goiijg 

T2i« »a6fe ratio yf air to o/ijrta;; U 

f.» :s 4 .$ 

«»CU.e» 

W>J 

iui4 tJft# corr#*fe»si 

F s Fs.i^!B/*te j « it)?? -x-yjida t<iJC'«.tt/..--v'-o ilr/wvj 

c« >u" - •><> 

Xa« eoira'ttt^ 6i.«i,ific fuai c-j';*w tios. 

ttf « MjLIJ^ =*■ s. fuij/. ••uWw. 

A* 

XiMi •cii'io tor*;* <««« » •t-ific. fv^,. i 3 'v '>«*j>iv • •'* ‘ '-‘ 

r,iia fcn.« ccrr«et«s.‘ •*., axl^an .*.j. 

tX'ipiiou sacxi »r. wi-vsiateuw alx*..'-*.-? , l.*v ,, Ifvi ' Xt> c'f BJVKlIlt 

tani&t* i» »66y &oit ta* .*v , -'. wl-ic ot tii» » as'tflv :* •** c--»- 
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1b ta« 

m AfrM »Bi.l rtib /t«M. I •-r* 

ftHBijfsiiij iiuto j»«va;v^t «M3 vc.».* 4.n aeftM ••lift 

©r frlAfcic-t, *«-;■ -lit '.t iu»i»4fc*-.«ajy yiel% 

ir. eios*r s§r«*« wiKh r«i'at>irf, ol evei g?<Mier i.r- 

porttae* wmi-lu of f^Sr* in ‘Ji« aiff^ifc-cr •C'v»u*fclc 

TmUi9V taan tus AlsrilltlBA .•; ^ .Alune. n*'r« >■< 

4tj ^ 1 i* ^ »-* »•' tiC Oa-Vo 

4el Itt trodaic&iOAo 

?“.ae *.*. fe.i« ..^, 

er« tvto tat, erveljr^-jj if - 

prsfctiasl taerBfti o;. Uit. cf .%• — . v ■'x 

^ l.A^ V*ii t ♦, -i,, i',fc i -‘*, ~ . 

•xii54i a*t52>4.t.c i:s *is*; 'W • of isi,vct;,^ s:&... '.‘i- w 1.. 

AOBfc^liibi© ur;.‘ it', ., 

iW**iil«'4ji eL.i¥>4St iu VHe '•-.■:?.•• 4a* t wis flrit j. i'ai'itsst it %« 

JS'UHii/Tij a*£ t-* 00 Txlh Ln« qi<»*)bi'»^ ri i.:.. •», ^tnM^-r 

wafta ta* fell* ttiv^dy -^’*«-* l.*.s if c x.x*‘',kT^(> v*>jtr 

pr««*ar*^ ««.s.tiy obtain* i5i% v^eoif^ty wi'v„i l>. ■•Jisfx 

a^j&& iit lov-tu «»j«Si;fco X’-vii »;'-ir, *jiji t-' tu» 

io t»» ^vBoxeiHfce At otii;- »♦•.» .<«..l.tt*, 

ai vtruRt, or tj-'.-w wt is 
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■*..t, *3/ <* »rv -«>•* IXvU jj' „»\A Ati • - 



jt-XvXg *t Oi'ij 8'»bi 'itv I '**r* h ftBiit U. •» !'JTi 5« f? ^ 

t-C *. *X(*.1*1|, tua 0^5 »•! >- Blv |(* ■ ■ — m 
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•ijiluit Th* ffcSMiiwMs; am*- to the 



»tAiai co4HJto*x s rc eo «rfAM4M th*t ot ^i'^Kx tXor- fijl i 



it J.'J» .t'tO'.r ^'«.IA4|I I.*; “.'^* »•- t blk.TT' t-c * M 

ASS o»ts,JUJ«> 4 j *Xt*? aav c;vjr«t:LAM 0 u* * jJt 

th*, fl:m s*fefc« fl.s i8>vs«»--f A-('i au rc -i ,rtioa «r ’f.*c*Aiij^‘ v 

Mg« •tnineb»,«: »u ittlm *<.*.l^iju* 



oX Sii^h iit-tfh 6iB4 fersit /uw-tltei’ ln« 



of i’-Ct Ti/;-! ♦v- 



*-'ut»a iii iai> 4 ri ■*» ■•-• ..-■'•>•■'• t: -.•<*!, ffej* ••* 

s£ « to\i^h eh««K of 2 icffLiA<i*« r«tvri^ »a& its el«. •>«,» ^riwuri^/ i,/. «Mbl« 
t*« tta^hcr io r«*40giJlse t».ter»l> te»'« Iv* co 

0 an«t‘ 7 r«tl v 



iuS Air 'A - *!;*» lyritj Tc>»*/«. 

F?..gu t It •• ..mV.ii »i/ 'TU' u. 1 .. i.* #' ;-i' . jf 

it As *r»* ii.' (co ♦.-• * 4 v< •'sijj** «i*.- w^i/sv i -k» ^^•v«v 4 aj ? • %Zm, 

tu.« iS£MHj\lo‘X Ut*^ ',it% .ivAtftlAi •• feii .•-■-w. U 

cx»!.K‘, >*: '* -f t of ttr-^ -n, tu- •■' 

b; <.'fcv. rictiiig •.-%<>^ 

Th.* i’ssuiii !• ter-V . *. *»rAt»-»..>' x*;— 

•yttn ocviAiiist i' tjs* o" »■•*». ^ e;..f;et^ tt-r , t‘»s I. - 

q£ ofcffiiiLiA*. r «a.^^ i 1 ;^.js'i •^,-,ijs' j.oys&*'^ r.', •.<;:. «i’j.". ,. 

t V. ■ov.siiW;* t'-5i>*s« ’.Af ;? lit* 4 •» . ■■ »»iv« (■•• >■»'. 

diiTers/is, f-*.©? rs'As L« ♦. ; -"‘ «ii«-. .ot'ir* Xi • 



fiv»*, • „. flxci 

tt la it: •sT&Lniiy w*-- - 

litciAi; bwi A'l- Cva’-lv,.i. V3 or 
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»h)fSj hr»#fsr* t-ns AAsr,- vaaJ' 1 'v'.s» 
r-i vf-*.r».. fci«*i - 
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cx4»X'«LCt«iv o£ (ioJaiU0*^to’^ tyi^i.T$ tc ms * fcactior. 
of !^yis'jid*i iiUtbJsrf f:iung:lag fcom »^ritu»rj U> o»oll>tui 7 %x> ixtX&T- 
ins- i'vchXiyg s»yn«l«»^» isiu.'<b<»r<> 

I'ao 2'«ouli» oT i t«*tib ItiMiiiA. {,« Um <-c><r««r to tXM 

probi*tt iti Ui« iutroi^avtvvy ►•ciias. Lt > ff4r>-ftiT* in 

«c f«r ftis & of e4.4* <tOuc» 2 r&Miitv 

4«4 Alr-<j(3iBoliai« 

Fig» % ifi « tk«ich of Uia £xAMa.:iiili.7 

it ii$ iaa e77a34t>ufi uMcrii>eo ir. <?4C*vt tiui u.i^ I.l«u 

fOi 0;v'aiasry xio,*u**hohs. ritxvMM cieciier w»>; u***" iasw.. of «^gcu< a&l«, 
U<^<etv«rp tn«& ia* ca*f*i»s^ ic i«>v<r£ 14 io «4%4ai4i'V« 

Yti-oriafcfciv'a *i Uj® fuels, 

At low kix Telucititf^ t4»wtt$lxCTs • ^ 1 a . Oaoi-s w. ,*0 

obt4«,iaeci., At hl(^ *ir ’ya.iotlwie*., »ti 4 ; itltei ts» •♦j.*.*Ix>b oiku. 
imi.1 aes-ttsd eu -VMi-Oi'isvtioti t«j cr . il 4^ -j <.Ufe.s ioie, tia* c- 1 ,' iliou 

•*i» oeciliatoQ ia eatr^ct^r* •** oet^xvfi Uif i-* 

O8ciii*.tory «civt>afcti«.a iacret'.'fta Rtet-aiJ^' *•» tr»* fu«-.-«-ir I'-ttlt .*• ■ (w- 
tii&oeG imliX Uie io»«r Lleit, for ®o*.b^stion »<e i«*efe*d *«• o<-T<<»uu»tlon 
ee&,8*r.» Tale i<^«uo*aE«»# for traie-h ta# b-s i.a .*.a«Ct'u^t4 %*Li4.rs#-tj.jri 

*t t^is iiee, •s.{» b»r)llc«te'd aerereX liAftt. I*»! i.>..a *.■. 
not sj« oote-ise-i ur»c«i' sny circusfcltjtoe®, nor i>t& ’.n*** ii.ny of 

detcu4tioK.v 

lass© t«*4e r«r* vo*»u*ot^ 4*t u** <k4. •ita vi« m *.s. 

es t‘io#e vie^jic^u i» Ua© i-iire*IS,»e|: ^eir. VOii,. iri»>. 

<•» *'il- J|r* 4 ^ ^ £lOf 

.tuei-Hiii* 1‘atiOj «.■>,««. t Witti ©utet ves-orj. ,-<, -o.'n ' ••;*-*>' i't'AA 

Ofc^;iii*itory 0',-is&woti<j». «*» obw-k-ae** ^ wiiM Auoi -.«» t „i« 
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T«rt«* 

k.«£%s *83^ 4UEKiuet^>«i Ixi {>'^21* jk^miOT cuo. Kith ih« 

«^'>p«r*i;>u< »c tao*« in 4.i, vith tus <u:c«^ ihti 

8 #ilk.t»r8 of «taer &.!W gt.iso4.ij'-»8 ij,i f*~v,C‘rtiCfiS v«* u«»<- i.‘i 

i-itoC® of gsssolifiis «J.on6» tae !»*re 

ifiieRti*4,l, irt.Ua taofi® of tii« ^^rov^olag fc*** a* tij** 

for ta« t© ro^cR s *♦«,..« -t Uirs itt. «.^icii ©►fc.t-.ju.ror^ c 

wcuia iiX«c« 9ii8 P fwwfeioft of Uu j*rBi4»'tiow of «lhv.i W 

liv isisi'turfte 

4&? ldr~C!3t/S®<>‘“*SasoX,tsi« Tc®te« 

'XaeB* t*8ts ««r« i'vaai*»vtsKX Ui U> *♦-•« ^»u<®r i-*»l »4i» 

ai» l/ROsr tf«»sA*t,j«A iu •ect-ca 4.i, «&,oep. tfc.. * ra * 
oat^'gea lio® ««: to V 4 ao hlulrig uh!b«b«r it-. tc t^ie 

RiJE*;, Oaly bOuAtfl8 8uxxCiuruR% tno liis re' a:„t& ••£« u^l 

anBt«rl*5JX^r <Xiffs:j.‘*3&i frv>- taOi® obt,A.irtW »ith t/k~earxcko^ •x.r^ 

4,^3 fEflfce4«t t«6tfc. 

Xu tasft.® . r-wVivtAc nll^ >■ 

i^lisig »t tfei.y th« ‘''tw-jj-.'iat. uf Ui« »ae.v.ic-(*i TiJ® trxr ui . 

t»« if»rf««i fti eXx «w toe ewra^j. o}fe«»tio« ef Uie i'uieejst irie,., ‘ X 
fuei-ftir rrtioo 

4o»^ G*»sr>.i X*vu'js.£i, 

to ta« «ou/.*»» c.f '«a» «via«iu‘ iwl *.o<.?v i- # ‘it.. • 

tUit ti^ ^roax«** of bringing fuel, ImX.< ■. .>.» -a *, 

& a&i* ys^«t i of »«*.< to-.,, i-* 

*JJ. n*,4 to* uT»fso*<x of «:r».4fcs.*u{j fj* (?. • Oin w=r-T- *.o. 

iiaisi tn® Gfl«j?#r vWWei ->’ *o,ai.wx.' '. *ji i j atC#«« -^r; 

u*toru.tton obt^l**«4c 
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^ ISyiiiiiiiln ti MA*r»f^ 

ft .4lbl 4lil^i4«i0k »«ift» lift# liiiT I ^m^kmrn 



AL^^timri il^ ii i4t ft« !/f 



b* G*>m v> stel y>IjC«'iix ^ ht" 
l> 6 ^ wvjacXv«siUii«. 

HQttMtai. h*«i dOpOxJi* !;.&'& ftkt Wo oi Ui^ tWW htt* i,--nc’.iiv.l«v 

corrobarfet#, tout Ui» ^rl?acifi«i of lawr^H ' tot«x a* 5 ;.oSit.|ly* «u ;.n, t-ioo 
CiUi &• »ueeeit.fcf\Ji.ly e'.viied to Uieraiaj. Jet .T*v^'Xeio.w ef 

isxtssfRtit^eat (i«to:vetiv« \ c.\ 

thie 6 .fe*i be O'««otjmoie4 wiUi ta® ^.wi*>e o' > ng < nieib. 

Sj^esii’ifc tarust *.t j.ot, »,®vifis fuel c^neus^tlo'ij ® 

v«®iet «ouIa tiia virtues of dcwigo •itc. \u% 

weiftHt, aao fre»cK* fr«» ■otiug 

irw Uie roouxtb of ta® ttbt® b«icrs.«MNi i(t to» ^ 
it -w-oai-ii # j^„4i£i v*« vvj< 44 tin* c<aebi<t.**ot.ut- •..' 

obtained witii taw uk® cf gasoiaae o?" »,*;a ,.j.f ' is.t..i.r#- . 

iret'^B »»■- obU-Lu*o a«Wii»HvM» Iis a t«.g*v 

envi Dixon «tssce®sl*4 ioi oov^initig ueVoebi liOi 1*» jki*c» 
ai 3 >.iut’e®« It 1 a feii®.r«Ior« imjV untw- -»% t--- tfc* ■•.. f-.a 

2%*e«irG4i *ixi i.i***i to Um c.4»y./r®t> vl’ .rJ4* KV-i-« 3 i. <Miu> .-v 

fii»l ««irtlca OfiT. !>• Ufieft >ltfe rIt sn w ueVOtw^ci^'i-.- ■., .t j.. 

tiM. Jet* 

5»2 4^co:..Mea<ittips6. 

Ta» foragolAi »♦;-.* •,*. tiiw- iRw f'o.- irctic 

of, reee&rifi X&f t.nsi t-iiaijf'tiv ♦#>*'■ oi • »."■, ■I'S-' vi" <r.' 5 » wtm 
f»etore &jfc feett.fly oaiJLiae* In fw u, » la* ,•? 

i« Tcbt* r»rt t-« v;js«iH.-t»). to uu-uev *.s * nr««* ci 

musBer ^ 7 i. t ;‘0 .le£'i-i©i»^o •.' . -oR'-er- ef AvWH*tis „4 i«ni»- 

tofor® *i.i dpsk «f th* of w®«oTe ' :'■*% »i*< >iW.' 

Cottcern*»l «i.Wl aVLee«nt »la.l«*crB»* Vj-w c*f tw e«i%« 4 .fc J* *i, «Uu^> 

Cv*BUfttiu!a a*.* a’eeeiA®® aiwe • i i.o«* » iwa j uoiw® « *jLttC«»LMkM(^i a,i* ' •'■miu.* ■ 
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uot 's«tt33s ia i&* ctij** 

Sio In swiiiMKitrioio •»iUi tii* ,i*4.!)>U4.iij| c.iix»v*.^i 

rueis ia *iir a-.i».tureu ii»ea wO n* 

Wnfit/JLC^n CXitXi SSlrOX“4ufc XctOfVf *.l>|jAt 4i . i '» Jvi, » 

fijKiiag a eamwis i‘u®i or cuA*nijjf tioa oI vwi:i.-oa <*1^1 a»»w“- 

onate readily hi aii’* * l«®x o>-us.i6^.um vi i ol j.e«a 

ia gasoline unaer prewfcure ifc & *w,^«t;iAcu* 

Inre ^ion feiiwwlti ^ iua ***-^ij5 

(ietosiatlcn in Bixfcures aalca a,* ^♦‘w W'.'U/ *v V-i jt* •ii H JL^ St 
e« by tae iiss of aivs-iliary sut.>xy j.hA>s. xoc’, J«»* •■o r. -. io •.- r»«*. - 
oaygea s^i^ture in fron^ of Ihns fa«x--xif .»x>.i'iv<&t vi* at-i cf . vo.»y 
higa Toitfcg« silscnaige at Ui® 

4i, 1‘iOff in fcb.e aiffusor uiaier couditioai: c-f .fiii.'f* 

eofibnatios naad*. k> iw ^oieiysiiea a% g,i»frtof a-i**- xn feVOt-tAV 

than waa done a»x'#» Tn« j,xobio.~ s.;; cu® o* ‘s^ox^ vx-iw^ i tii« 

ftffeefc* of r®oosi*.«€» a.r« tujuo’xotetU/ i»^,arwnu« 

8s the Xe«aibil.ity o.l iaiirovix^ fio« in tUa 4xffui,wv ,j. .>.->^.ut ■.:•£ 
redd or otnor 'v&i'yss at tus diffufcov ettirw>!ii» aaouixi bt i;jVG^txi*.sx..s 
‘fee a»a of reliras i4 objftssit&ftjr.bid iVo» too j:'Olni or vis.? ox j®ca'.^. 1»'.»'1 
eaxusmio®} as i» toe t«.jt'4: in to« julaejetj *iS«*ver| is^ toe xo'-*. 

dat&nnti’fe'e Cviathstioa aevice toere v.'lr®f wcxl*:i ,;,rc»fcx> tuy n.-i k- i-vw-ittuicx 
to the nxgn ia^&ot lofeag f^raeaut to ta* 
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jriOff rXin *cDi«L fct fev A,l’. -. , . 

f Ci 4 A V Cti’s t. t.'jB’ i. ^ A^> « *v*^ j >' f * ^ ^ 

A«i*i»nCu<4**6vA; 1 £^k>«£.-bei' X*4.'i a 



K* 



*idSe4li.'a*w'rv!^’»^6ioa b/ lalei'^l.^ul v* a4“; 

Hj /iisiXJSitrj ct >.Tij V'5j-'4'e!i.-.M4!Je T*’eA>-iJktij«, 

i'tOe Lu'j^ a 67 c 
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,Ai. on 






CC-Xi'Jl w ^ ^ 4. .* cTla^VSS * S^fc* 4.. 1 

fc* ;i.c» 0*0*4, i^vU 

«&4 Loxiu«on, p,. 

»Oo.s'l>u»iiou, ferw. jS^piOv* 4>--.;u isv 

voa Eib®, C«w'^!sridg« fc* t'i® v.'!>.v/‘<rv;.t5 



bj f, , t.rcL*. ,*. 

v j X<»v , 

Wwi^Vv!^'' to** ij •» ' .**-.*. tjf • 



bt 



i5«rtl\olitt *a>i Vl*lli*,. 



3»5j I»y '.i'jli.C 



<ia 4*il?ira ta-l ij» (*)■>•. t.*>.ii*y I ,«c^. 'd^.cu* t?#, .v^i;. 4*241* 

7u » v’iClfi f. a I A*, fc,*-' J ,- 'li"*? ^ . 5 *' ^’ <# 

A. '"/1;.(MI »j; :.0.',b '.Aato'i in (>*>••«'’ ,-ibitx- i*vi . Jsrr* 

0*i--4 CA*V-'^nj diU a xa£c 17, 

iv* JOVijaStO, Jc •'.5 '.■<>•* 4 let •».*, . 4 /. ’iO&i tt, :-v«f>«i*2ii O 'J»r 

XX.* Ac , Ac eX 1 ^®v 8 , A*.iA » ^ 4 b *• Ah&.AA. CF itTx^Vi^iSS^ * *^*44 j Xb *AI a 

X^ 14 td c .C3i^ ^0 X, Xa * 

IS* ijssls wrjo /yl»»i£’, J. iA* l4t(**i. 5-i i?v, Lil*;* 

.A'tt * ^ *^^'44®.**, iijbv, 4-C.n* , .i'*C*«* * k'a </49*-lf 5^0 J| C w»0*- V JK, V ^'-5 J J, 

X6 * StA^&OXX® X4iO*4-4iU94*cX.^ *, 4*07 ^*c Z ^ a * ®44, .4-W** , ^'* ** • ** 4 *V 4 

9, S'Tij fi-jv. -.-a-?* 
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